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UNDER  THE  OPERATION  OF   FEEBLE  MAGNETIC  FORCES.
585
iron and steel the compensation for small forces may be made absolute, so that neither at the moment of closing the circuit nor afterwards is there any perceptible disturbance. This means that (so far as the magnetometer-needle can decide) the metal assumes instantaneously a definite magnetic condition which does not afterwards change. But soft iron shows much more complicated effects. The following observations were made upon a piece of Swedish iron (from the same hank as the former) annealed in the flame of a spirit-lamp. When an attempt was made to compensate for the imposition of a force equal to ±H, no complete balance could be obtained. When the coil was so placed as to reduce as much as possible the instantaneous effect, there ensued a drift of the magnometer-needle represented by about 170 divisions of the scale, and in such a direction as to indicate a continued increase of magnetization. Precisely opposite effects followed the withdrawal of the magnetizing force. The settling down of the iron into a new magnetic state is thus shown to be far from instantaneous. On account of the complication entailed by the free swings of the needle, good observations on the drift could not be obtained with this apparatus; but it was evident that, whilst most of the anomalous action was over in 3 or 4 seconds, the final magnetic state was not attained until after about 15 or 20 seconds*.
The operation of feebler forces was next examined, rather with the expectation of finding the drift reduced in relative importance. But the imposition of -^H was followed by a drift of 13 or 14 divisions, no very small fraction of the whole action; as was seen from the observation that the (+) effect was now 300 divisions, of which 150 are due to the iron. With 20,000 ohms in circuit, giving a force equal to jfaH, the drift was 6 or 7 divisions. By still further diminishing the force the drift could be reduced to insignificance; but it appeared to maintain its proportion to the instantaneous effect. Apart from the complication due to the drift, the magnetization was proportional to magnetizing force from -^H to itifosH or lessf.
The question now presents itself, What is the actual value of the permeability which has been proved to be a definite constant for small forces ? In consequence, however, of the nearness of the operative pole to the suspended needle in the preceding experiments, no moderately accurate value of fj> can be deduced. But the observations described in Part II. are
* Prof. Ewing (Hoc. cit. § 52) describes " a time lag in magnetization," especially noticeable in the softest iron and at points near the beginning of the steep part of the magnetization-curve. It should have been stated that my apparatus Avas very firmly supported, and, being situated underground, was well protected from vibration. The drift or creeping did not appear to be due to this cause.
t The results here set forth were announced in a discussion following Prof. Hughes's address to the Society of Telegraph Engineers on February 11, 1886, Joum. Tel Eny. xv. p. 39, on the strength of preliminary experiments tried towards the close of 1885.
!   iometimes indispensable. But it seems to be a mistake to use it where a null method is applicable, and when the utmost delicacy is required. In such a case the inertia of the needle, and the forces both of restitution and of damping, should all be made small. \
